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Abstract 
The LHC beam vacuum system operates at cryogenic 
and at room temperature. Many aspects such as the 
location, the level of the leak flux, the reparability, the 
impact on the machine commissioning and operation shall 
be taken into account when dealing with vacuum leaks. 
The detection of warm air leaks is a difficult but mostly 
well mastered technology. Special attention will be paid 
to He leaks in a cryogenic environment which could arise 
during the period of beam commissioning and beam 
operation. The qualification of these leaks against beam 
operation, the diagnostics means and tools, the repair 
schemes and the expected downtime are discussed.  
 
INTRODUCTION 
The Large Hadron Collider (LHC) beam vacuum 
system is made of elements operating at room 
temperature or cryogenic temperature. Despite all the 
precaution taken during the design and the construction of 
the vacuum system, some leaks could appear before or 
during beam operation. 
In the LHC, most of the room temperature elements 
will be coated by a TiZrV getter layer. These elements are 
located in the long straight sections around the interaction 
regions. All the vacuum chambers held at room 
temperature will be baked at 200ºC. Although it is a 
delicate and difficult task, the air leak detection of such 
vacuum chambers will be performed by well mastered 
technologies.  
The remaining part of the LHC i.e. the arcs and some 
elements in the long straight section operate at 1.9 K or 
4.5 K. The occurrence of air leaks or He leaks in a 
cryosorbing environment implies a potential condensation 
of several monolayers of gas, in the vicinity of the leak, 
before any possible detection. During operation, and as a 
function of their origin, the leaks could create local 
pressure bumps with background or activation of the 
elements or could even quench a superconducting 
magnet.  
A quench of a LHC magnet occurs when too many 
protons are locally lost in a cold mass. In the presence of 
a leak, the nuclear scattering on the N2 or He molecules of 
the proton beam leads to a significant amount of proton 
lost in the cold mass (60 % of the total cross section) [1]. 
These protons are lost into the cold mass by inelastic 
scattering within 10 m. At 450 GeV, it as been estimated 
that a number of 7 108 protons/m/s lost in the cold mass 
are required to provoke a quench. This number is reduced 
to 8 106 protons/m/s at 7 TeV [2]. For comparison, the 
average proton loss rate around the ring due to the nuclear 
scattering on the residual gas is 3 104 protons/m/s. This 
loss rate corresponds to 100 h beam life time. At the 
quench level, the dissipated energy in the cold mass is 
51 W/m and 9 W/m at 450 GeV and 7 TeV respectively. 
The difference comes from a wider particle shower 
required to trigger a magnet quench at 450 GeV than 
7 TeV. 
This paper focuses on the consequences of leaks in the 
LHC cryogenic beam vacuum system. Air leaks and He 
leaks are treated separately. For each type of leaks, the 
main consequences on the beam performances, the 
diagnostics and estimated of the repair time are given. 
In this paper, except opposite mention, all the pressure 
at cryogenic temperature are given as if they were 
measured at room temperature i.e. the thermal 
transpiration correction from cryogenic to room 
temperature is included. 
 
AIR LEAKS 
In the case of an air leak, the atmospheric gas 
condensed onto the cold surface. The leaks could appear 
at the isolation vacuum and beam tube vacuum interface, 
at the pumping port interface and at the cold/warm 
transition interface.  
The isolation vacuum operates at 10-5 Torr. So, all leak 
rates below 10-2 Torr.l/s are negligible. It is assumed that 
no leaks above such a value would exist in the LHC.  
At the pumping port of each short straight section, air 
leaks could appear for instance at a flange connection or 
due to a bad weld quality. However, the pumping port 
vacuum pipe is thermally anchored at  80 K a meter 
before the connection to the beam vacuum. Therefore, in 
the case of a leak, the atmospheric gas is condensed far 
away from the beam tube and no interaction with the 
beam is expected. 
In the case of a leak at a cold warm transition, the gas is 
condensed in the neighbourhood of the leak over 0.2 m. 
At a leak rate of 10-6 Torr.l/s, 30 monolayers of gas are 
condensed in a week whereas 1 monolayer is condensed 
at 10-8 Torr.l/s in a month. Thus, some significant amount 
of gas can be condensed onto the beam vacuum system 
and in turn interact with the beam. 
 
Vacuum transient 
In the electron cloud regime, the accumulation of gas 
before the beam is switched on, provoke a vacuum 
transient due to the recycling of the condensed N2 
molecules in the gas phase by the bombarding electrons 
[3]. This phenomenon stops when the equilibrium surface 
coverage is reached. The continuous electron 
bombardment flushes the condensed N2 molecules from 
the beam screen to the cold bore.   
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Figure 1 shows an example of vacuum transients due to 
the electron cloud. Before the beam was switch on, 
1015 N2/cm2 were condensed over 0.2 m onto the beam 
screen due to the air leak.  
When the electron cloud, of  100 eV mean energy, 
dissipates 1.5 W/m onto the beam screen, there is a rapid 
increase of the N2 pressure up to 4 10-7 Torr.  The pressure 
remains above the quench limit at 7 TeV (2 10-7 Torr) for 
10 minutes. This level is still below the quench limit at 
450 GeV which is 2 10-5 Torr. Therefore the N2 gas can be 
flushed from the beam screen towards the cold bore while 
the beam is injected in the LHC. However, in the case that 
more than 10 monolayers are condensed onto the beam 
screen, more than 30 min is required to flush the gas 
towards the cold bore while 1.5 W/m is dissipated onto 
the beam screen.  It is expected that the LHC will be filled 
and ramped up to 7 TeV in 40 minutes [4]. During this 
period, 30 minutes might be used to flush the gas towards 
the cold bore without a major risk of quench i.e. 
10 monolayer of gas will be flushed toward the cold bore. 
So, if more than 10 monolayers of gas are condensed onto 
the beam screen there is a significant risk of quench due 
to the vacuum transient. 
The operation with lower beam current reduces the risk 
of quench. Figure 1 shows that by reducing the dissipated 
heat load onto the beam screen to 0.1 W/m, the level of 
the pressure is reduced. However, if one defines a 
background limit, for instance 3.2 1014 N2/m3 i.e. 
2 10-9 Torr, 2 hours will be required to flush the gas 
towards the cold bore.  
Figure 1 : Example of vacuum transients due to the 
recycling into the gas phase by the electron cloud of 
1015 N2/cm2 condensed onto the beam screen.  
 
Risk of quench and background to the 
experiments 
When more than 10 monolayers are condensed onto the 
beam screen, there is a risk of quench at the start of the 
run (after a shutdown period) due to a vacuum transient 
since during the time allocated to fill and ramp the LHC 
the condensed gas will not be entirely flushed towards the 
cold bore.  Figure 2 shows the time to accumulate 
10 monolayers of gas onto the beam screen.  In the case 
of a leak rate of 10-7 Torr.l/s, 22 days at cryogenic 
temperature without beam is required to accumulate 
10 monolayers of gas. So, an air leak rate above 
10-7 Torr.l/s cannot be tolerated without a significant risk 
of quench due to a N2 vacuum transient. 
In the interaction regions 1,2,5 and 8, the vacuum 
transient due to the electron stimulated desorption 
produce background to the experiments.  As shown in 
Figure 1, from 10 minutes to 2 hours with background to 
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Figure 2 : Required time without beam to accumulated 
10 monolayers of N2 onto the beam screen. 
 
Diagnostics and repair 
At each cold/warm transition is installed a cold cathode 
vacuum gauge. By monitoring its pressure, vacuum 
transients might be detected and located. The protection 
against background and magnet quench is ensured by 
these gauges. In the case of an air leak, at injection and 
before ramping to 7 TeV, the dynamic pressure shall be 
below 2 10-7 Torr to avoid the risk of quench.  Depending 
of the physics requirements in terms of background, the 
beam current shall be adjusted to recover the normal 
100 h beam life time in a long (low beam current) or short 
period (large beam current). Moreover, at each arc 
extremity, the beam loss monitors protect the machine 
against the quench.  
The detection of a leak at a cold/warm transition 
requires a warm up of the cryogenic sector i.e. the whole 
arc or the standalone in the long straight section case. The 
exchange of the cold warm/transition could be done in a 
few days.   
 
HE LEAKS 
He leaks could appear all along the beam screen 
cooling capillaries or at faulty cold bore welds. Special 
attention was paid to the beam screen design where no 
full penetrating welds exist. Before their installation into 
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the cold bores, all beam screens will be leak tested at 
cryogenic temperature. So far, 10 % of the beam screens 
have been leak tested and are leak tight (< 10-11 Torr.l/s) 
[5].  
In the case of a He leak, a He wave develops with time 
along the beam vacuum chamber. The He condenses onto 
the 1.9 K surface up to a monolayer. For larger surface 
coverage, the He pressure increases to the saturated 
vapour pressure (17 Torr). Due to its nature, the He 
accumulates and the He wave can span over several tens 
of meters before being detected.  
Taking into account the total nuclear scattering cross 
section, the average He density over 1 meter shall be 
below 1.7 1017 He/m3 to avoid the quenching of a magnet 
with a nominal proton beam at 7 TeV. This gas density is 
equivalent to 4.2 10-7 Torr when measured at room 
temperature. Of course, this average gas density is 
inversely proportional to the beam current i.e. when the 
beam current is decreased by a factor 3, the gas density 
shall be increased by a factor 3.  
At injection energy, the total nuclear scattering cross 
section decreases slightly. For example the cross section 
for the H2 molecules is 8 10-30 cm2 at 450 GeV and 
9.5 10-30 cm2 at TeV [6].  So, the average He density limit 
over 1 meter is 1.8 1019 He/m3 i.e. the measured He 
pressure at room temperature shall be below 4.5 10-5 Torr 
to avoid a magnet quench at injection. It should be noted, 
that at injection the performance limitation will come 
from the cold masses cooling capacity which is 32 W for 
107 m and not from the quench level. 
 
He wave description 
When a He leak appears, the He condenses onto the 
1.9 K cold bore and a He wave is developed with time. 
Figure 3 shows a typical evolution with time of the He 
pressure along the cold bore axis. The He leak is located 
at x = 0. At t = 0, the pressure at the leak, PXF is simply 
defined by the ratio of the leak rate, Q, to the cold bore’s 
aperture pumping speed. As time goes, the cold bore starts 
to be saturated with He and the effective pumping speed 
at the level of the leak is decreased. As a result, the 
pressure at the leak is increasing. At the front of the leak, 
the pressure equals PXF.  The pressure profile along the 
cold bore is linear. At t1, the pressure at the level of the 
leak equals P0,t1 and the pressure at the level of the front 
(x = XF(t1)) is PXF. At larger time, t2, the pressure at the 
level of the leak has increased and the He wave is arrived 
at XF(t2). A model of the He propagation wave has been 
developed for the design of the Relativistic Heavy Ions 










Figure 3 : Evolution of the He pressure with time along 
the cold bore axis. 
 
This model of the He propagation wave was validated 
in a dedicated experiment performed in the LHC string in 
a LHC type cold bore at 1.9 K [8]. Figure 4 shows the 
evolution of the pressure measured at the level of the leak 
(almost flat curve) and the pressure measured 73.5 m 
downstream to the leak. The predictions of the model are 
superimposed to the original data. The green curve is the 
predicted pressure at the leak and the orange curve is the 
predicted pressure 73.5 m downstream to the leak. The 
pressure is given at 1.9 K. At t = 0, a leak of 6 10-5 Torr.l/s 
at room temperature is admitted into the system. It is 
interesting to observe that for such a leak rate the pressure 
at the level of the leak is 10-6 Torr corresponding to 
10-5 Torr at room temperature, therefore, after less than a 
few minutes if a proton beam at 7 TeV would have 
interact with such a gas density, the superconducting 
magnets would have quenched.  However, despite this 
large leak rate, the He signal is only observed 73.5 m 
downstream to the leak 20 h after the opening of the leak. 
The model predicts the apparition of the leak signal after 
17 h which is in good agreement with the observations.  
Figure 4 : Example of the evolution with time of a He 
pressure front observed in a LHC string experiment [8]. 
The predictions of the model are superimposed to the 
original data. 
 
Risk of quench, background to the experiment 
and radiation dose 
The model of He propagation is used to compute the 
average He density 1 meter around a leak. Figure 5 shows 
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the required time in presence of a leak to provoke a 
magnet quench a 7 TeV as a function of the leak rate. The 
He leak rate is given at 300 K. Assuming the cold bore is 
at  1.9 K, this is twice the leak rate one would measure at 
room temperature with a leak detector located at a 
pumping port in the presence of the pressure front. The 
required time is given for nominal, 1/3 of nominal and 
1/10 of nominal beam current. A year is defined as 
150 days and we assume that the He could be evacuated 
at each shutdown.  
The maximum He leak rates which can be tolerated in 
1.9 K cold bores without a significant risk of quench are : 
• 5 10-7 Torr.l/s at nominal beam current. 
• 8 10-7 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 2 10-6 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
For such leak rates, the half length of the He pressure 
front is 75, 125 and 200 m respectively. The speed of the 
He wave is 2, 4 and 6 cm/h respectively.  
Lower leak rates will require a pumping of the beam 
tube with the cold bore held at > 4 K on the yearly basis.  
Larger leak rates will provoke a magnet quench within 
30 to 100 days for He leak rate of 10-6 Torr.l/s or within a 






























Figure 5 : Required time in presence of leak to provoke a 
quench at 7 TeV as a function of the He leak rate. 
 
In the long straight section, some elements operate with 
a cold bore at 4.5 K. Since the saturated vapour pressure 
is obtained for lower coverage at 4.5 K than 1.9 K, it is 
expected that the He front speed will be larger at 4.5 K 
than 1.9 K. The surface coverage will be saturated sooner 
and therefore the tolerable leak rate will be reduced i.e. 
the curves of Figure 5 will be shifted towards lower leak 
rates.  
The maximum He leak rates which can be tolerated in 
4.5 K cold bores without a significant risk of quench are : 
• 2 10-7 Torr.l/s at nominal beam current. 
• 5 10-7 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 9 10-7 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
For such leak rates, the length of the He pressure front 
is much longer than the standalone itself. The speed of the 
He wave is 6, 10 and 16 cm/h respectively.  
 
As compared to the N2, the He nuclear scattering cross 
section is 6 times lower. So, an average He gas density 
over 1 meter of 2 1015 He.m-3 i.e. 5 10-9 Torr will produce 
a similar background to the air leak case. Despite this He 
gas density is 100 times smaller than the gas density limit 
for the quench, the tolerable leak rates do not differ 
significantly from the case of the quench in Figure 5.  
The maximum He leak rates which can be tolerated in a 
1.9 K cold bore without a significant risk of background 
in the experiment are : 
• 2 10-7 Torr.l/s at nominal beam current. 
• 3 10-7 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 6 10-7 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
 
The radiation dose onto the LHC dipole magnets due to 
the nuclear scattering onto the residual gas is estimated to 
be 5 Gy per year for 100 h beam life time [9,10]. The 
presence of a He leak will locally increase the radiation 
dose. The equivalent He density to produce a dose of 
5 Gy per year is 8 1014 He.m3 which is equivalent to 
2 10-9 Torr if the pressure was measured at room 
temperature. When a quench occurs some radiation is 
deposited into the elements. The sooner the quench 
occurs, the smaller the helium front is. If we assume that 
the He leak starts at the same time the beam is in the 
machine, by integrating the average density along the He 
front, the radiation dose is estimated. The radiation dose 
due to a small leak rate is larger than a large leak rate 
since the exposition time to the beam is longer. 
• For a leak rate of 5 10-7 Torr.l/s, after 135 days of 
irradiation, the dose in the vicinity of the leak is 
1000 Gy and the average dose along the 140 m long 
He front is 4 Gy. 
• For a leak rate of 8 10-7 Torr.l/s, after 53 days of 
irradiation, the dose in the vicinity of the leak is 
400 Gy/m and the average dose along the 86 m long 
He front is 2 Gy/m. 
• For a leak rate of 2 10-6 Torr.l/s, after 9 days of 
irradiation, the dose in the vicinity of the leak is 
60 Gy/m and the average dose along the 34 m long 
He front is 1 Gy/m. 
Fortunately, a significant power will be observed and 
detected in the cryogenic sector before such doses are 
reached. 
 
Diagnostics and repair 
From the previous section we conclude that He leak 
rate above 5 10-7 Torr.l/s shall be detected to avoid the 
risk of quench.  
By design, along the arcs, a vacuum gauge is located at 
the short straight section pumping port every 3 or 4 cells 
(320-428 m). Thus, there are only 6 to 8 gauges per arc. 
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In the long straight section standalones, there is a vacuum 
gauge at each extremity. In these magnets the gauges are 
placed every 10 to 40 m. So in the arcs, the maximum 
distance between the He leak and the vacuum gauge is 
150 to 200 m and in the stand alone this distance drops to 
5 to 20 m. Figure 6 shows the maximum distance from a 
leak a vacuum gauge shall be located to detect a quench. 
Arbitrarily, the quench level of detection is set at 1/10 of 
the average quench density limit.  
The maximum He leak rates which can be 
systematically detected by the vacuum gauges installed in 
the arcs are : 
• 2 10-7 Torr.l/s at nominal beam current. 
• 6 10-7 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 2 10-6 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
So, in the arcs, the He detection could not be done by 
the installed vacuum gauge. 
In the long straight sections, the maximum He leak 
rates which can be systematically detected by the vacuum 
gauges are : 
• 2 10-6 Torr.l/s at nominal beam current. 
• 6 10-6 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 2 10-5 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
The vacuum gauge will provide a rather good detection 
efficiency of He leaks especially for the leaks appearing 
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Figure 6 : Maximum distance between vacuum gauges 
to systematically detect a quench as a function of the He 
leak rate. 
 
In the arcs, the beam loss monitors are located at each 
quadrupole every 53 m. Therefore they provide a better 
systematic detection potential than the arc vacuum 
gauges. The maximum distance from the leak to the 
detection system is 21.5 m. All leak rates which develop a 
pressure front longer than 21.5 m without quenching a 
magnet will be detected by the beam loss monitor system. 
Figure 7 shows the maximum He leak rate which can be 
systematically detected by the beam loss monitor system 
without provoking a magnet quench as a function of the 
circulating beam current.  
The maximum He leak rates which can be 
systematically detected by the beam loss monitor system 
installed in the arcs are : 
• 1 10-6 Torr.l/s at nominal beam current. 
• 4 10-6 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 1 10-5 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
The beam loss monitor system offers a better in-situ 
surveillance of the He leaks than the installed vacuum 























Figure 7 : Maximum He leak rate which can be 
systematically detected by the beam loss monitor system 
without provoking a quench as a function of the beam 
current. 
 
A last in-situ diagnostic is the measure of the dissipated 
power in the cold masses. In the LHC string test, it has 
been shown that, in the case of stable beam conditions, a 
power of 1 W/m could be measured in a cryogenic sector 
(107 m) [11]. The time to dissipate 1 W/m into the cold 
mass was computed using the propagation He wave 
model. This time required to measure a significant power 
of 1 W/m at the cold masses due to the proton scattering 
onto the He was subtracted from the time given in Figure 
5. Figure 8 shows the results of this subtraction as a 
function of the He leak rate.  The insert gives the details 
of the remaining time in hours for large leak rates. We 
assume that 6 h are required to detect and measure the 
dissipated power in the cold masses due to nuclear 
scattering onto the He wave.   
The maximum He leak rates which can be detected by 
the cryogenic system are  : 
• 1 10-5 Torr.l/s at nominal beam current. 
• 2 10-5 Torr.l/s at 1/3 of nominal beam current (no 
electron cloud). 
• 4 10-5 Torr.l/s at 1/10 of nominal beam current (first 
year of operation). 
For larger leak rates, in the case the He leak is not close 
enough to a beam loss monitor or a vacuum gauge, the 
quench due to the proton scattering onto the He front will 
probably not be detectable. 
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Figure 8 : Remaining time after the measurement of 
1 W/m in the cold mass before a quench occurs as a 
function of the He leak rate. 
 
In the case a leak is suspected, some vacuum gauges or 
residual gas analysers can be locally installed in the 
vicinity of the cryogenic sector showing a large 
dissipation of power. If enough valves could be 
purchased, the minimum spacing between the locally 
installed vacuum gauge is a half-cell i.e. 53 m.  
If possible, before switching the beam on, the 
temperature of cold masses located in the suspected area 
shall be increased above 4 K up to the nearest short 
straight section in order to give a chance to observe a He 
signal at a gauge.  In the case a signal is observed, the He 
leak rate can be measured. 
In the mean time, some radiation monitors can be 
installed. These monitors have a sensitivity capable of 
measuring a radiation dose of 0.01 Gy which corresponds 
to a He pressure of 5 10-8 Torr if the dose is integrated 
over a quarter of an hour. A number of 32 monitors can be 
installed per cell [10]. If no He signal were observed by 
the vacuum gauge, the radiation monitors should exhibit, 
when the beam circulates, a kind of radiation front which 
longitudinally expand with time. By following the 
“radiation wave”, a leak rate could be estimated with this 
tool. 
 
After a magnet quench, the faulty magnet is identified 
by the triggered diode. During the quench, the cold bore 
is warmed up to more than 30-40 K. If the quench was 
due to a He wave, the He is flushed to the nearest 
unquenched magnet and is condensed over 10 m.  
When a He leak detection is required, the cold bores of 
the unquenched magnets shall be warmed up to the 
nearest short straight section. Some vacuum gauge or 
residual gas analysers can be installed locally in the 
tunnel at the nearest short straight section. In the case the 
quench was due to a He leak, He shall be observed at the 
vacuum ports.  After evacuation of the He, the He leak 
rate is measured by a leak detector installed at a leak port. 
 
For small He leak rate, a regular warm up of the cold 
bore above 4 K and a pump out of the He every month 
allows to operate the machine with a reduced beam 
current. The time estimate to perform such a work is 1 
day. Regular warm up of the cold bore on a monthly basis 
will allow the operation at : 
• 1/3 of nominal beam current for leak rates smaller 
than 2 10-6 Torr.l/s. 
• 1/10 of nominal beam current for leak rates smaller 
than 4 10-6 Torr.l/s. 
 
For larger leak rates, an exchange of the magnet shall 
be foreseen. However, before doing such a work, some 
time shall be invested to be sure that the observed quench 
is indeed due to a He leak. For this reason, it is imperative 
that He has been identified with a residual gas analyser. 
Moreover, the position of the leak and its rate shall be 
known. 
CONCLUSIONS 
The consequences of air leaks and He leaks affecting 
the beam vacuum in the LHC cryogenic elements have 
been shown. The risk of magnet quench, background to 
the experiment and radiation has been discussed. The 
level of tolerable leak rate is given. The possible 
diagnostics and repair scenario have been presented with 
their limitations. 
Air leaks could appear at cold/warm transition. The risk 
is associated with a vacuum transient which appears at the 
start of a run. Above 10-7 Torr.l/s the vacuum transient 
might provoke a quench. In the long straight section, leak 
rates above 5 10-8 Torr.l/s provoke a vacuum transient 
associated with a background to the experiment. The air 
leaks are monitored by cold cathode gauges. 
He leaks could appear along the beam screen capillaries 
or at a faulty cold bore weld. The He is condensed onto 
the 1.9 K or 4.5 K cold bore surface. A He wave is 
developed with time. At nominal beam current, a He leak 
rate above 5 10-9 Torr provoke a risk of quench. The 
diagnostic can be performed by vacuum gauge, beam 
position monitor, mobile radiation monitors and 
measurement of the power dissipated in the cold masses 
of a cryogenic sector. Due to the distance between the 
vacuum gauges (320 m – 428 m) and the beam loss 
monitors (53 m), their efficiency to detect a He leak 
before a quench is poor. The on line measurement of the 
dissipated power in the cold masses is a much more 
promising way. It is expected that, at nominal beam 
current, leak rate up to 10-5 Torr.l/s are detectable by the 
cryogenic system. Once a cryogenic sector is defined, in-
situ installation of mobile radiation monitors and vacuum 
gauges are used to locate the leak. For this reason, it 
would be beneficial to have the possibility to install a 
vacuum gauge at each pumping port. It is essential that a 
He signal is measured at a vacuum gauge to demonstrate 
that, indeed, the power dissipated in the cold mass is due 
to a He leak. In the case the He leak is below 
4 10-6 Torr.l/s, a regular warm up of the cold bore to 4 K 
with pumping out of the He could be envisaged. Larger 
He leak rate will require the exchange of the faulty 
magnet or the closing of the faulty beam screen capillary. 
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To this mean, the existence, the level and the position of 
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